SUMMARY The net transport and unidirectional fluxes of water, sodium, and potassium were studied in four subjects with diffuse untreated proctocolitis, by perfusing the colon with isotopically-labelled solution instilled through a tube introduced by mouth. The results were compared to those obtained in 13 healthy subjects.
studied segments of bowel isolated at colectomy. Their technique has, however, two main limitations: only one type of disease can be studiedthat which requires colectomy; and difficulty may be encountered in obtaining control data from healthy subjects.
To study the intact colon of conscious subjects in health or with proctocolitis of varying extent and severity, we have used the technique of colonic perfusion introduced by Levitan, Fordtran, Burrows, and Ingelfinger (1962) . The rates at which water and electrolytes are exchanged in both directions across the colonic mucosa (Visscher, Fetcher, Carr, Gregor, Bushey, and Barker, 1944a; Visscher, Varco, Carr, Dean, and Erickson, 1944b) can be measured by incorporating isotopes in the perfused solution (Shields, 1966) .
In this paper we report a study of the colonic absorption of sodium, potassium, and water in patients with diffuse and untreated proctocolitis. The results are compared with those obtained in healthy subjects.
Methods

PATIENTS
We studied four patients, of whom three were male, with proctocolitis involving the entire colon. In three (patients A, B, and D) the disease was severe, and in one (patient C) moderately severe, according to the classification of Truelove and Witts (1955) . The ages of the patients ranged from 27 to 69 years. At the time of the study none of the patients was depleted of water and electrolytes. The concentrations of sodium in the serum ranged from 133 to 137 m-equiv per litre and of potassium from 3.9 to 4.6 m-equiv per litre. All patients were taking a normal ward diet and were not receiving any specific treatment before or during the study.
HEALTHY SUBJECTS
Observations were made in 13 healthy male medical students (age range, 19-23 years) who were receiving a diet similar to that of the patients.
Consent was obtained from all subjects according to the principles laid down by the Medical Research Council (1964) . ABSORPTION 
STUDIES
The details of the method have already been described (Shields, 1966) .
Briefly, the subject swallowed a long polyvinyl tube until its tip was seen radiologically to lie in the caecum. A small quantity of sodium diatrizoate (Gastrografin) was injected through the tube to ensure that colonic content did not reflux into the ileum. The colon was then perfused with a solution of sodium chloride (0.9 % w/v) at 37°C to clear the lumen of faecal debris.
When (Devroede and Phillips, 1969a) . Generally specimens collected during the first hour of perfusion were discarded.
The test solution was modified Tyrode's solution (Code and Mclntire, 1956) (Veall and Vetter, 1958) , and the concentrations of deuterium oxide in an infrared spectrometer using a modification (Shields, Mulholland, and Elmslie, 1966) (Shields, 1964) . In each patient, the rates of net transport and of the unidirectional fluxes of water and electrolytes for each 10-minute collection period were calculated on a digital computer using previously described formulas (Shields, 1966) . Subsequently the data were analysed in two ways. First in each subject the rates of transport for consecutive collection periods were pooled so that the mean rates for each subject were obtained. The grand means of the rates for the control group and for the patients with proctocolitis were then calculated and compared, using Student's t test (Table) . Second, the mean rates for each collection period were calculated so that any systematic change in absorption during the course of the perfusion could be appreciated; the differences between the patients and the healthy subjects were again defined, using the t test ( Figs. 1 and 2) .
We have previously shown that PEG 4000 is a valid volume indicator in the healthy and diseased human colon (Shields, Harris, and Davies, 1968) .
Results
RATES OF TRANSPORT ACROSS THE COLONIC MUCOSA
Net transport
During perfusion with test solution the healthy colon absorbed sodium and water at mean rates of 0.39 m-equiv and 1'9 ml per minute (Table) . In all subjects but one, potassium was secreted into the colonic lumen, the mean rate of secretion being 0.003 m-equiv per minute.
In four patients with proctocolitis the rates of absorption of sodium and water by the colon were significantly reduced (Table) . Potassium was secreted into the colonic lumen of the
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11-5 ± 2-6 14-6 ± 5-0 patients at a mean rate more than four times that found in healthy subjects. The mean rates of absorption of sodium and water for each 10-minute collection period were relatively constant during the perfusion study in both healthy subjects and in patients with proctocolitis ( Fig. 1) . The ability of the ulcerated colon to absorb sodium and water was consistently impaired. The rates of secretion of potassium remained low and relatively constant in the healthy subjects (Fig. 2) . In patients with proctocolitis the secretion of potassium was more variable, but, on almost every occasion, was significantly greater than the rates observed during corresponding times in healthy subjects.
Unidirectional fluxes
In diffuse proctocolitis the rate of movement of sodium out of the colonic lumen was diminished (Table) . Reduction in the flux rates of potassium and water in this direction was also evident in the patients but did not produce statistically significant differences from those observed in the healthy subjects.
Sodium and potassium ions moved more rapidly into the lumen of the ulcerated colon. Water flux in this direction was not altered. In healthy subjects and in patients with procto- Fig. 1 The mean rates of absorption ofsodium and colitis, net transport of water was closely correwater for consecutive JO-minute collection periods lated with that of sodium (Fig. 3) . In general in healthy subjects ( 0 ---0 ) and patients with when sodium was absorbed, water was absorbed; proctocolitis (0 . when sodium was secreted, so also was water.
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losses of fluid and electrolytes from the body. Until recently our knowledge of colonic function has largely been obtained by comparing the volume and content of the discharge from well established ileostomies with the composition of faeces of healthy subjects. From such studies it has been inferred that the colon, which each day receives from the ileum about 500 ml chyme, containing 115-145 m-equiv per litre sodium and 6-30 m-equiv per litre potassium (Kanaghinis, Lubran, and Coghill, 1963) , absorbs most of the sodium and water but at the same time secretes potassium and bicarbonate into its lumen (Annis and Alexander, 1952) . However, the colon possesses a greater capacity to absorb sodium and water and to secrete potassium than is immediately apparent from these studies. By extrapolating the data obtained in the present investigation we calculate that the healthy colon can absorb as much as 560 m-equiv sodium and 2-7 litres water each day. This calculation assumes that the rates of absorption would remain constant if the perfusion had been continued for 24 hours. To our knowledge such prolonged perfusion of the colon has not been carried out, but neither we, whose studies lasted, on average, two and a half hours (Figs. 1 and 2 ), nor Levitan (1965) , who perfused subjects for up to five hours, noticed any alteration in colonic absorption with time.
In diffuse proctocolitis the reserve capacity of the colon to absorb sodium and water is lost. Because of the reduction in the mean rate of absorption of sodium to one-third, and that of water to one-seventh, of those observed in healthy subjects (Table) , the daily absorptive capacity of the large bowel was reduced to as little as 160 m-equiv sodium and 360 ml water. This volume of fluid is less than that usually presented to the colon each day by the ileum. Indeed, in proctocolitis the volume of the ileal effluent may be greater than normal if the ileum is also affected by disease. The diarrhoea of proctocolitis, therefore, can be explained, in part at least, by the colon being severely impaired in its ability to absorb the salt and water delivered to it from the ileum.
Although impairment in colonic absorption of sodium and water in ulcerative colitis was also reported by Duthie et al (1964) , they did not describe any alteration in the secretion of potassium. They were therefore unable to account for the considerable faecal losses of potassium that others (Welch et al, 1937; Lubran and McAllen, 1951; Coghill et al, 1956 ) have reported in cases of ulcerative colitis. Indeed, on occasion, ileostomy may have to be expedited to stem the loss of potassium in the stool (Brooke, 1958) . We found that potassium was secreted into the colonic lumen four times more rapidly than in healthy subjects.
Hitherto the source of the potassium lost in the faeces of patients with proctocolitis has not been clearly defined. Welch et al (1937) suggested that the potassium was largely derived from desquamated intestinal mucosa, blood, and pus. This explanation was challenged by Lubran and McAllen (1951) who, by careful comparison of faecal nitrogen and potassium, concluded that release of potassium from cellular debris could not account entirely for the increased quantities of the electrolyte in the faeces. We consider that the present study provides additional evidence for this point of view. In this investigation, care was taken to prevent contamination of the luminal contents by the liberation of potassium from damaged cells. Accumulated cellular debris was (Head, Heaton, and Kivel, 1969 Levitan and Mauer, 1968 ). However, we tried to minimize these secondary effects on the colon by ensuring that the patients were on a normal diet and were not depleted of water and electrolytes at the time of the study.
A close relationship between water and sodium absorption has been observed on many occasions both in animal experiments (Curranand Solomon, 1957) and in studies of the human small and large intestine (Sladen and Dawson, 1969; Devroede and Phillips, 1969b) , probably because of a presumed dependence of water absorption on the transport of solute. This study demonstrates the close correlation between sodium and water absorption in the human colon and shows that despite alterations in the absorption of water and sodium in proctocolitis this correlation is preserved. Thus it would seem that even in diffuse disease the processes of absorption are similar to those in health but are changed in the direction of secretion.
Two defects of this study are the small number of patients with proctocolitis and the age and sex of the subjects with whom they were contrasted. For several reasons we were able to study only a few patients with diffuse proctocolitis. Such patients are not very common and not all the patients seen by us were suitable or volunteered for the investigation. Moreover, we were frequently frustrated by delay in the transit of the tube through the upper gastrointestinal tract; others have also observed delay in gastric and small intestinal transit in ulcerative colitis (Rosswick, Stedeford, and Brooke, 1966) . The patients with proctocolitis and the healthy subjects are not strictly comparable because those in the contrast group were younger and were all male. We have not studied women of childbearing age because of the exposure of the pelvic organs to the rays emanating from the isotopes in the colon, even although the doses employed were small and the risk negligible. However, other studies without the use of radioactive isotopes have not demonstrated any change in colonic absorption with age or sex (unpublished observations).
The faecal losses of sodium and water in proctocolitis are clearly the result of impaired absorption of ileal contents during their passage along the colon. However, as the alterations in unidirectional fluxes indicate, the ulcerated colon is far from being an inert tube or passive conduit transferring the ileal content to the rectum unchanged. The colon in proctocolitis contributes significantly to the losses of water, sodium, and potassium in the faeces.
